INTRODUCTION
Encephalopathy is a major cause of morbidity and mortality, particularly in the intensive care unit and in postsurgical patients. Acute encephalopathy appears in many forms, producing a constellation of abnormalities with myriad clinical features, dysfunctions reflected in tests on body fluids, abnormalities on EEG and a number of imaging abnormalities. Although individual or even aggregates of tests may not yield a specific diagnosis, they summate to produce a picture that can help the clinician in a directed management plan. Over the past few decades we have witnessed major advances in promising neuroimaging modalities and emerging new acquisition techniques with an increasing availability. Among neuroimaging techniques, including cerebral CT, brain MRI, single-photon emission CT (SPECT) and positron emission tomography (PET), several have yielded identifiable abnormalities leading to the causes of acute brain dysfunction hence expediting appropriate treatment. In light of the increasing and diverse imaging tools, guidance regarding their diagnostic and prognostic yield in the clinically challenging setting of acute encephalopathy as well as their impact on patient management is evermore important for the clinician.
We therefore aimed to compile the current evidence and to provide a compendium of typical, and in some cases pathognomonic, imaging patterns for the clinician. We review the essential pathophysiology of selected, well-recognised acute encephalopathies in adults, and their respective neuroimaging correlates. Further, we aimed to compile the prognostic value of neuroimaging in these settings.
DEFINITION OF ENCEPHALOPATHY
There is no international consensus regarding the distinction between encephalopathy, delirium and confusional states. Terms such as 'delirium', 'acute brain syndrome', 'acute brain dysfunction', 'acute confusional state', and 'toxic or metabolic encephalopathy' are often used synonymously and in an inconsistent manner. The term 'encephalopathy' encompasses a wide variety of reversible or permanent, diffuse or multifocal brain dysfunctions caused by myriad physiological derangements ranging from acute structural brain alteration (eg, trauma, ischaemia, haemorrhage, tumour, etc) to non-structural metabolic, toxic and/or infectionrelated cerebral dysfunction. However, acute encephalopathy, is defined by the American Psychiatric Association as altered consciousness with change in cognition and/or with a perceptual disturbance developing over hours or days and that which was not better accounted for by a preexisting or evolving chronic dementia. 1 image-element (voxel) reflects the estimate of the water diffusion rate in that area. The random motion of water depends on thermal agitation and on its cellular environment. The motion of cellular and intercellular water is hindered primarily by cell membrane boundaries. The diffusion restriction correlates with cellularity of a specific tissue. DWI detects changes of water diffusion that may indicate (early) pathological alterations of membranes and membrane-bound water transporting proteins. The impedance of water molecules diffusion is quantified using the apparent diffusion coefficient (ADC) value. ADC values can be displayed as a parametric map reflecting the degree of water diffusion through different tissues. MR spectroscopy (MRS) allows studies of metabolic changes in brain tissue by using signals from hydrogen protons to determine the relative concentrations of target brain metabolites.
PET is a functional imaging technique using nuclear medicine producing three-dimensional images of physiological and pathological processes in the body. PET detects γ-ray pairs emitted indirectly by administered positron-emitting radionuclides, which are linked to a biologically active molecule. Three-dimensional images based on the detected regional concentration of these radionuclide-linked molecules are constructed automatically.
SPECT is a nuclear medicine tomographic imaging technique using γ-rays. A γ-emitting radionuclide is administered intravenously and emitted γ-rays are detected by γ-cameras. Three-dimensional images are then constructed automatically.
SEARCH STRATEGY AND SELECTION CRITERIA
We included acute encephalopathies in adolescent and adult patients from metabolic derangements, hypoxic-ischaemic insults, sepsis, autoimmune diseases and rapidly evolving dementias. More chronic or subacute encephalopathies, such as those resulting from multifocal vascular lesions or inborn errors of metabolism were excluded. Further encephalopathies evolving from a large number of exogenous toxins, specific infections other than from herpes simplex virus (HSV), status epilepticus and trauma were excluded, as most of these disorders can indicate a large variety of neuroradiological abnormalities. Studies of functional MRI, diffusion tensor imaging and perfusionweighted MRI were not included, as in most types of acute encephalopathies studies are lacking.
The Medline search engine was used to identify reports published in any language between 1990 and 2013. The search terms included the names of the different encephalopathic syndromes, or pathological conditions used in the headings throughout the manuscript in combination with "computed tomography", "magnetic resonance imaging", "magnetic resonance spectroscopy", "positron emission tomography", "singlephoton emission computed tomography", "CT", "MRI", "MRS", "PET", and "SPECT". In addition, the reference lists of selected reports were searched to identify additional publications.
Publications are summarised and categorised in the online supplementary tables S1-S3.
NEUROIMAGING IN ENCEPHALOPATHIC SYNDROMES Hypoxic-ischaemic encephalopathy
Pathophysiology: Hypoxic-ischaemic encephalopathy (HIE) usually results from acute circulatory and/or respiratory breakdown and typically affects the cortical and subcortical grey matter structures first. HIE is mainly caused by cardiac arrest, poisoning with carbon monoxide, asphyxiation or drowning. Failure of cerebral oxygenation inhibiting the Na + -K + pumps leads to the loss of cellular integrity and release of excitotoxic glutamate, followed by overstimulation of N-methyl-D-aspartate (NMDA) receptors, cellular calcium loss mediated via second messengers and damage of the mitochondrial respiratory chain. 2 Brain reperfusion may cause secondary damage. The severity of injury depends on the duration and degree of circulatory and/or respiratory breakdown, body temperature and serum glucose levels.
Neuroimaging (see online supplementary table S1, figure 1A ): Cerebral CT is often normal early on, or may reveal mild loss of the grey-white junction in the first hours after cardiorespiratory arrest (CRA). Conversely, brain MRI may show DWI changes within an hour after CRA. 3 In the initial 24 h, there may be symmetric decreases in the thalamus and basal ganglia, 4 loss of differentiation between the grey and white matter, and increases in signal on T2-weighted images. 5 In the late subacute phase of HIE, there are changes in the white and deep grey matter. 6 Quantitative whole-brain diffusion-weighted MRI on days 2-4 after CRA may provide more accurate prognosis than the neurological examination. 7 In a study of 10 patients, marked DWI, ADC or fluid-attenuated inversion recovery (FLAIR) changes portended poor outcome in 100%. 8 Although early cerebral CT is less sensitive than brain MRI, 9 one study of 53 patients revealed that signs of global cerebral oedema had a false-positive rate of 0% for death. 10 In a study of post-CRA patients treated with hypothermia, quantitative whole-brain diffusion-weighted MRI in this time window improved the sensitivity for predicting poor outcome by 38% while maintaining 100% specificity as compared with the 72 h neurological examination ( p=0.021). 7 This study was followed by another analysis revealing that DWI 48 h post-CRA with global ischaemia or focal ischaemia with a total lesion volume of >20 mL had a false-positive rate of 0% for a poor outcome (defined as a cerebral performance category of 3-5) 11 while another study showed a false-positive rate of 23% of cortical and/or deep grey nuclei lesions on MRI for a Cerebral Performance Category (CPC) of 3-5. 12 The predictive value of MRI findings is given in table 1. In a small study, MRS distinguished between good and poor outcome with a 100% specificity. The distinction was made with 90% sensitivity after 48 h and became 100% by days 3 and 4. 13 Data from brain PET and SPECT studies are of no additional help. Frequent neuroimaging patterns are summarised in table 2.
Sepsis-related encephalopathy
Pathophysiology: Although the central nervous system (CNS) may be an 'immunologically privileged' organ, separated by the blood-brain barrier from most components of the humoral and cellular immune system, the brain may be exposed to excessive systemic inflammatory responses during sepsis. Cerebral dysfunction reflects the systemic metabolic, inflammatory and haemodynamic disturbances associated with systemic inflammatory response. Septic shock can also cause multifocal necrotising leukoencephalopathy from systemic inflammatory-mediated responses, along with ischaemic brain lesions, haemorrhages and microabscesses. 14 Neuroimaging (figure 1B): In many patients, cerebral CT and MRI are normal, however, in some studies signs of vasogenic oedema can be detected when autoregulation is disturbed. 15 With marked sepsis, there may be multiple lesions of cerebral white matter, and ischaemic strokes located in the centrum semiovale. 16 Signs of ventriculitis with paraventricular ependymal hyperintensities can be present (figure 1B) and periventricular contrast enhancement is often demonstrated best on T1. The patchy white matter lesions are dynamic and change over time.
There are no sufficient data on MRS, SPECT and PET in humans. Frequent neuroimaging patterns are summarised in table 2.
Uraemic encephalopathy
Pathophysiology: The exact pathophysiology of uraemic encephalopathy is unknown, but reversible ischaemic changes, disorders of cerebral metabolism, and the direct effect of uraemic toxins on intracerebral vascular autoregulation have been implicated. 17 Neuroimaging (see online supplementary table S2): Cerebral CT findings are usually normal, although some reveal attenuation changes in bilateral basal ganglia and internal capsules. 18 Brain MRI has shown T1 hypointensities and T2, FLAIR and DWI hyperintensities in the same areas, along with changes in cortical zones in some cases. 17 Individual reports in patients without diabetes with uraemia showed extensive supratentorial white matter changes sparing basal ganglia and cortical involvement 19 with diffusion restrictions in some patients. Following haemodialysis, many of these imaging and clinical abnormalities may regress. Nonetheless, in patients with relapsing and remitting uraemia, encephalopathy and concurrent cerebral atrophy progress and the basal ganglia may also be affected resulting in disturbed extrapyramidal movements. 20 MRS reveals a decreased N-acetyl-aspartate peak and an elevated lactate peak in the basal ganglia when extrapyramidal movement abnormalities occur. 21 Brain F-18 fluorodeoxyglucose (FDG)-PET in patients with extrapyramidal movement disorders may uncover ▸ Diffuse signal abnormalities in the cortex and subcortical areas or effacement of the sulci All patients with these findings died ▸ Lower whole-brain and regional median ADC Patients with modified Rankin Scale (mRS) >3 have lower whole-brain and regional ADC ▸ DWI and FLAIR cortical multilobar, or diffuse lesion pattern ▸ ADC <650×10 6 mm 2 /s ▸ DWI with global ischaemia or focal ischaemia with lesion volume >20 mL ▸ T2 and DWI changes in the cerebral cortex and the deep grey matter a decreased glucose metabolism in the basal ganglia. 22 Frequent neuroimaging patterns are summarised in table 3.
Hyperammonaemia-related encephalopathy
Pathophysiology: Hyperammonaemic encephalopathy (HAE) results from the purported toxic effect of ammonia (or other compounds that co-occur with ammonia), a product of the amino acid metabolism. 23 Ammonia may accumulate when its degradation in the liver is impaired mainly as a result of liver diseases, or by its overproduction in pathological conditions including multiple myeloma, urease-producing bacteria, or drugs (eg, divalproate sodium) that inhibit metabolic pathways. 23 Increased glutamine production during ammonium clearance, changes in osmolarity and death of astrocytes with brain oedema may be the causes of encephalopathy. 23 Neuroimaging (see online supplementary table S2): Cerebral CT may not be particularly helpful. In contrast, two case series of brain MRI findings have revealed bilateral changes in the T2-weighted images and FLAIR sequences of the insula, cingulum, and more diffuse cortical regions using diffusion-weighted sequences. 24 glutamine, decreases in myoinositol and choline possibly representing compensatory mechanisms. 25 In HAE with cirrhosis, PET demonstrates decreased cerebral blood flow with a fall in cerebral metabolic rate for oxygen by 20-40% compared with normal controls. 26 Studies on SPECT in HAE are lacking. Frequent neuroimaging patterns are summarised in table 3.
MRS can show increases in glutamate and

Hepatic encephalopathy
Pathophysiology: Hepatic encephalopathy (HE) emerges from decompensated cirrhosis or acute hepatic failure. Astrocytic swelling resulting from an accumulation of metabolites is considered a major contributor 25 (see Hyperammonaemia-related encephalopathy section, above).
Neuroimaging (see online supplementary table S3, figure 1D ): There are few neuroimaging studies on acute HE. 25 Cerebral CT may be normal, or shows non-specific changes in the tectal regions, anterior pituitary and subthalamic nucleus. On MRI, there may be T2 prolongation in the periventricular white matter, thalami, internal capsules, corticospinal tracts and cerebral cortex. 25 27 In acute fulminant hepatic failure, the reversible oedema is astrocytic and mostly affects the globus pallidus, even though the DWI can resemble the (usually fatal) appearance in HIE. Changes in the glutamate/glutamine ratio with decreased myoinositol and choline are seen with MRS 25 and can regress following liver transplantation. There is no evidence for the added diagnostic or prognostic value of MRS, PET and SPECT in HE. Cerebral SPECT may detect an increase in cerebellar, cortical and basal ganglia blood flow, 28 and changes in dopamine D2-receptor binding and reuptake. 29 Some patients with cirrhosis have decreased perfusion in the inferior parietal lobules, and the middle and superior frontal gyri. 30 Many of these changes regress following treatment.
In a recent study, MRI lesion severity correlated moderately with the clinical outcome but was not significant after Bonferroni correction for multiple comparisons. 27 The predictive value of MRI findings is given in table 1. Frequent neuroimaging patterns are summarised in table 4.
Hypoglycaemic and hyperglycaemic encephalopathy Hypoglycaemic encephalopathy
Pathophysiology: An acute decrease in serum glucose levels usually arises from an excess of hypoglycaemia inducing drugs, exogenous or endogenous insulin. This may release aspartate, an excitatory neurontransmitter, after a decline of the cell membrane ATPase pump activity.
Neuroimaging (see online supplementary table S2): Cerebral CT can show enhancing hypodensities in the basal ganglia, cerebral cortex, hippocampus and substantia nigra. 31 Brain MRI is usually more revealing and demonstrates hyperintense T2 signals and diffusion restrictions are believed to represent neuronal death and cytotoxic oedema in the posterior limb of the internal capsules, hippocampi, the basal ganglia and cortical areas. 32 The splenium of the corpus callosum may also show signal changes. 32 Data regarding MRS are lacking and there are only few studies using SPECT, or PET with inconclusive findings.
Nonetheless, case series suggest poor outcome with diffuse and extensive DWI changes in the basal ganglia and deep white matter. 32 33 In two case series of patients with bilateral symmetrical grey and/or white matter lesions, 100% remained severely disabled or in a vegetative state. 32 33 The predictive value of MRI findings is given in table 1. Frequent neuroimaging patterns are summarised in table 5. 
General neurology
Hyperglycaemic encephalopathy
Pathophysiology: Hyperglycaemia frequently occurs in uncontrolled diabetes mellitus. Diffuse brain dysfunction reflects osmotic derangements affecting the subthalamic area, the putamen and the caudate nucleus. 34 Neuroimaging (see online supplementary table S2): In 10 patients, cerebral CT showed hyperdense changes in the putamen, while brain MRI revealed T1-weighted hyperintensities with no T2 signal changes in the basal ganglia. 34 However, these findings are considered inconsistent and in acute hyperosmolar states, neuroimaging (especially MRI) can vary, in the presence of seizures or status epilepticus. Data regarding MRS are lacking. Studies report that brain SPECT shows hypoperfusion in the basal ganglia. 34 When glucose is corrected, imaging abnormalities regress. 34 SPECT may reveal differences between non-ketotic and ketotic hyperglycaemic encephalopathies. In the former there are often multifocal seizures and extrapyramidal movements that might show corresponding areas of altered metabolism. Frequent neuroimaging patterns are summarised in table 5.
Hyponatraemic and hypernatraemic encephalopathy ( pontine or extrapontine myelinolysis)
Pathophysiology: The decreased serum osmolality, primarily from acute hyponatraemia promotes a water shift across the blood-brain barrier into the brain tissue resulting in cerebral oedema and severe neurological dysfunction. The increase of interstitial pressure causes an extracellular fluid shift from the brain tissue into the cerebrospinal fluid. The glial cells and neurons lose solutes, promoting an osmotic movement of water from the intracellular to the extracellular space, 35 subsequent disruption of the blood-brain barrier, and loss of oligodendroglia in the basis pontis. The rapid correction/change of serum sodium levels causes central pontine myelinolysis (CPM)-an effect, which is not entirely understood. This osmotic demyelination can also evolve more diffusely to involve extrapontine regions of the CNS (ie, extrapontine myelinolysis).
Neuroimaging (see online supplementary table S2, figure 1C ): Cerebral CT reveals evidence of demyelination in ∼1/4 of hypodensities without enchancement. 36 Brain MRI delineates more lesions, but normal studies may occur. Abnormalities include T2 hyperintensities in the centre of the pons, the tegmentum and the corticospinal tracts. 5 37 Isolated extrapontine demyelination may occur in ∼10% of patients (ie, basal ganglia, thalami, lateral geniculate body, cerebellum and cerebral cortex 5 36 37 ), or may occur together with CPM. Lesions can occasionally be seen in the thalamus, putamen, caudate nucleus, midbrain and pons on FLAIR and T2-weighted and T1-weighted imaging-extrapontine lesions seen in >40%. 38 Early examination with diffusionweighted MRI reveals changes of in water diffusion <1 day after first symptoms. 37 Regional hyperperfusion may be delineated during recovery using SPECT, with decreases in the striatal dopamine transporter in extrapontine myelinolysis. 39 The severity of demyelination expressed by the volume of MRI signal abnormality, however, may not correspond to the degree of clinical deficit, or return of function, as it is not associated with poor outcome, 36 38 and residual signal changes may persist despite complete clinical recovery. Table 5 summarises frequent neuroimaging patterns. Wernicke's encephalopathy Pathophysiology: Wernicke's encephalopathy is caused by a thiamine deficiency in alcohol abuse, malabsorption, poor nutrition, increased metabolism or iatrogenic elimination by haemodialysis. Thiamine deficiency may cause an osmotic imbalance with consequent perineural oedema and neuronal swelling. 40 Periventricular lesions may be explained by a focal high rate of a thiamine-dependent metabolism. 41 Neuroimaging (see online supplementary table S3 , figure  2A,B) : Cerebral CT and MRI changes may show hypodensities, or hyperintensities in the midbrain, diencephalon and periventricular areas enhance. 42 43 DWI changes include hyperintensities on T2-weighted, and hypointensities on T1-weighted sequences near the third ventricle, mammillary bodies, the cerebral aqueduct and thalami. 43 Chronically, there may be focal atrophy, especially of the mammillary bodies. 44 MRS reveals a decrease in aspartate and increase in lactate in involved areas. 45 There are no SPECT or PET studies.
Many of the abnormalities regress with treatment, but once there is involvement of the cortex on brain MRI, prognosis is poor in up to 100%. 46 Frequent neuroimaging patterns are summarised in table 6.
Posterior reversible encephalopathy
Pathophysiology: Posterior reversible encephalopathy syndrome (PRES)-a rare and potentially reversible neurotoxic state with a breakdown of the cerebral circulatory autoregulation 47 -is often associated with ( pre-)eclampsia and less frequently with other pathological conditions, such as hypertension, sepsis, Guillain-Barré syndrome, autoimmune connective tissue disorders, chemotherapy and organ transplantation. Precursors include vasospasm, vasculitis and serum hyperviscosity. 47 There are different hypotheses regarding the pathogenesis of PRES: (1) capillary vessels secondarily injured by severe arterial hypertension leading to hyperperfusion and cerebral oedema, and (2) hypertension-related reflexive vasoconstriction with secondary brain hypoperfusion and subsequent oedema. 48 Neuroimaging (see online supplementary table S3, figure 3A) : Cerebral CT reveals areas of hypodensity, but may be nonspecific. MRI can demonstrate subcortical and cortical oedema in watershed zones, posterior cerebral artery perfusion areas in parietal and occipital regions, and sometimes also in frontal and temporal watershed zones. Cerebellar changes are less frequent. MRI shows changes that involve several vascular territories in the form of T1 and T2 prolongation, 5 with alterations in the basal ganglia, thalamus, brainstem and centrum semiovale. 49 In 76 patients with suspected PRES, MRI showed intraparenchymal haemorrhages in only 17%. 49 MRS reveals decreased N-acetyl-aspartate/choline and N-acetyl-aspartate/creatinine ratios outside the areas of oedema. 50 Vasoconstriction may appear on cerebral CT, MR angiography or SPECT.
Neuroimaging changes may regress during days to weeks. The extent of MRI abnormalities correlates with outcome with T2/ DWI scores of non-survivors being significantly higher than those of patients who recovered. 51 The predictive value of MRI findings is given in table 7. Frequent neuroimaging patterns are summarised in table 6.
Autoimmune-induced encephalopathy Acute disseminated encephalomyelitis and the Marburg variant
Pathophysiology: Acute disseminated encephalomyelitis (ADEM) is a non-specific term referring to acute CNS inflammation that is postinfectious or parainfectious, postvaccinal or of unknown origin. Exact mechanisms are not understood. The disseminated inflammation is usually monophasic and neurological symptoms result from involvement of cortical and subcortical structures, as well as the spinal cord. There is growing evidence that supports an autoimmune mechanism, as immunological changes, such as increased serum IgA, circulating immune complexes, and a decrease of T and B lymphocytes are frequently found. The exact mechanisms of the Marburg variant of multiple sclerosis, which subsequently follows an aggressive course of demyelination and leads to death within 1 year, remain unclear. 52 There may be severe myelin and axon destruction with prominent tissue necrosis and macrophage infiltration.
Neuroimaging ( figure 3B) : Cerebral CT and MRI are often normal, 53 but abnormalities can occur with contrast enhancement on T2-weighted images and FLAIR sequences in the acute phase. 53 Most patients have multiple brain lesions in the deep and subcortical white matter characteristic of demyelination, and up to 1/3 have lesions in the brainstem and spinal cord. 53 54 DWI shows variable abnormalities depending on the stage of the disease. In the first week (ie, acute phase) DWI reveals a restricted diffusion, and later (ie, subacute phase) diffusion increases. 55 Small MRS studies showed a reduction of N-acetyl-aspartate in regions corresponding to the areas of high T2 signal intensity in the subacute phase. 55 Haemorrhagic demyelinating lesions are mostly seen in the hyperacute ADEM variants. SPECT and PET have not been studied extensively.
Imaging often improves, although lesions may persist. Radiographically, the lesions of the Marburg variant demonstrate significant mass effect and oedema but the patterns may overlap with findings in ADEM. Hence, the Marburg variant may be best considered the most extreme type of demyelinating diseases and distinguishing it from other fulminant variants, such as ADEM may be difficult. 52 Frequent neuroimaging patterns of ADEM are summarised in table 8.
Autoimmune and paraneoplastic limbic encephalitis
Pathophysiology: Paraneoplastic and autoimmune limbic encephalitis (LE) can develop acutely or subacutely and may represent limbic status epilepticus. Most paraneoplastic LE are associated with autoantibodies and cytotoxic T cells that target the onconeuronal proteins. Among the many different types of autoimmune and paraneoplastic LE, we focus on NMDA receptor antibody-induced LE and Hashimoto's encephalopathy in the following section.
Anti-NMDA receptor antibody-induced LE is mostly associated with prolonged encephalopathy, with progressive movement disorders, seizures, changes of behaviour, rapid dementia and confusional states. 56 Hashimoto's encephalopathy or steroid-responsive encephalitis with autoimmune thyroiditis (SREAT)-another specific type of LE-can be associated with Hashimoto's thyroiditis. Some believe that the association is spurious. SREAT is characterised by confusion, psychosis, memory loss, gait problems and subacute or chronic encephalopathy with cognitive decline and even coma. Neuropathological examinations show perivascular inflammatory infiltration, 57 however, the exact mechanisms remain unclear.
Neuroimaging: In paraneoplastic LE, cerebral CT is often normal, while the MRI is more sensitive, with contrast enhancing mesial temporal T2 and FLAIR hyperintensities in >50%. Subcortical regions, the cerebellum or brainstem may be involved. 58 A diagnosis is made in almost 80% of patients based on clinical features, presence of paraneoplastic antibodies and the MRI patterns aforementioned. MRI can be used to rule out other aetiologies. 59 PET may reveal increased metabolism mesial temporal. 60 In NMDA receptor-mediated LE, FLAIR and T2 hyperintensity signal changes typically involve temporal regions, and sometimes extratemporal areas. MRI is used to exclude other causes of acute encephalopathy.
In SREAT, MRI abnormalities are rare (in about 1/3 of patients). 61 However, white matter changes can occur and are atypical, or can resemble ADEM (aforementioned). 62 Other reports include hippocampal and multifocal hyperintensities on T2, FLAIR and DWI with corresponding hypointensities on T1-weighted sequences. 63 MRS reveals decreased N-acetyl-aspartate, myoinositol peaks, elevations in lipid, lactate, glutamate/glutamine and choline peaks. Some cases show regression of these pathological signals after high doses of corticosteroids. 64 On SPECT, decreased tracer uptake in the right striatum 65 and global hypoperfusion of the whole cerebral cortex are reported. 66 Outcome is mostly favourable. Frequent neuroimaging patterns are summarised in table 8. Data from other rarer autoimmune LE are not presented.
Herpes simplex encephalitis
Pathophysiology: In immunocompetent adults, more than 90% of HSV encephalitis (HSVE) cases are caused by HSV type 1. 67 Whether HSVE is due to primary infection or viral reactivation is uncertain. The pathomechanism of HSV entry into the brain is still undetermined and could be due to viral genome reactivation in the natural reservoir in the trigeminal ganglion with axonal spread via the trigeminal nerve into the CNS, in situ reactivation of the latent virus from CNS tissue, or primary infection of the CNS. Pathways for entry of HSV into the brain include both the olfactory and the trigeminal nerves. Although HSVE is not considered a disorder of the immunocompromised, cases are described in the context of bone marrow transplantation, HIV infection, and in association with an impaired cellular interferon α/β and λ antiviral responses. 68 Neuroimaging: Cerebral CT is usually normal within the first week but can characteristically show reduced attenuation in the temporal lobes later in the course. CT has therefore been substituted by MRI, which is more sensitive, showing FLAIR, T2 and DWI hyperintensities in the medial temporal lobes, the orbital surface of the frontal lobes, the insular cortex, the angular gyrus and in the insulas early in the course in >90% of patients. 69 Abnormal areas may show enhancement with gadolinium. Midline shift may be present with large cerebral oedema. Rarely, brain MRI can be normal. 70 Differences between imaging appearance of LE and herpes simplex encephalitis are Table 7 Most consistent and pathognomonic neuroimaging patterns in the literature and their predictive value (data from the online supplementary tables S1-S3)
Imaging Patterns
Predictive value for poor outcome
Posterior reversible encephalopathy CT Hypodensities in the parieto-occipital subcortical white matter and cerebellum with increased cerebral blood volume, blood flow, and reduced time to peak mainly in the posterior vascular distribution The extent of brain involvement is an independent risk factor for poor prognosis
SPECT
Increased tracer accumulation which reflects hyperperfusion possibly earlier than pathological signals appear on MRI Case series report an increased tracer accumulation in SPECT, which does not reflect blood-brain barrier disruption or inflammatory oedema, but rather hyperperfusion possibly earlier than pathological signals appear on MRI. 71 While small investigations regarding the predictive value of cerebral CT showed that lesions on CT are predictive of prolonged course of the disease, 72-74 a study of 106 patients with HSVE revealed that the extent of brain involvement on MRI at admission is an independent risk factor for poor prognosis. 69 Frequent neuroimaging patterns are summarised in table 9.
Susac's syndrome-related encephalopathy
Pathophysiology: Susac's syndrome is a rare disease that is characterised by the clinical triad of encephalopathy, branch retinal artery occlusion, and sensorineural hearing loss. 75 The pathogenesis of Susac's syndrome remains unclear. Different mechanistic hypothesis have been implicated, such as immune mechanisms, vasospastic phenomena, coagulopathy and viral infection. However, these hypotheses remain unproven. The diagnosis is mainly based on brain MRI, retinal fluorescein angiography and audiometry.
Neuroimaging: Cerebral CT mostly does not reveal any of the specific structural abnormalities, but can demonstrate foci of subtle low attenuation in the corpus callosum. 76 T2 and FLAIR sequences of brain MRI are very sensitive detecting signal changes in the corpus callosum, which is always involved. Any part of the corpus callosum can be affected, but predominately the central fibres show microinfarcts that are typically small. 76 Foci in the corpus callosum often mildly enhance following gadolinium administration and Table 7 Continued
Imaging Patterns
Predictive value for poor outcome MRI ▸ T2 and FLAIR hyperintensities in the cerebral cortex and lesions in the putamen and caudate head isointense to cortex and lesions in the putamen and caudate head isointense to cortical grey ▸ Less frequently, hyperintensity can be detected in the globus pallidus, thalamus, the deep white matter, and the cerebral and cerebellar cortex. Laminar lesions may be observed in the cerebral cortex and cerebellum ▸ DWI is most sensitive in early stages uncovering the altered diffusion in the regions aforementioned ▸ In vCJD symmetrical hyperintensities of the pulvinar thalami (relative to the cortex and especially the anterior part of the putamen) are characteristic and known as the 'pulvinar sign' ▸ Decreased N-acetyl-aspartate and slightly increased levels of myoinositol in the striatum and the insular cortex on MRS Patients with cortical plus basal ganglia hyperintensity have shorter interval from symptom onset to akinetic mutism than those with isolated cortical ribbon hyperintensity there can be restricted diffusion with corresponding low-signal intensity on the ADC map. 76 These are followed by central callosal holes which may be pathognomonic. 77 Aside from these typical findings, any part of the brain can be affected, but the white matter is most frequently involved. 78 Few articles of MRS report no further useful information in this context and studies of SPECT are lacking. Case reports of brain FDG-PET show marked widespread hypometabolism in the frontal, parietal and temporal lobes-an unspecific pattern that can be mistaken as ADEM. 79 Frequent neuroimaging patterns are summarised in table 10.
Creutzfeldt-Jakob disease
Pathophysiology: Prion diseases are transmissible neurodegenerative diseases with long incubation periods. Once clinical symptoms appear, the fatal course of the disease is inexorable. From the currently known human prion diseases kuru, Creutzfeldt-Jakob disease (CJD), variant CJD (vCJD), Gerstmann-Sträussler-Scheinker syndrome, and fatal familial insomnia, CJD is the most prevalent (>90% of the prion diseases). 80 In spongiform encephalopathies, prions can induce a pathological refolding of native proteins-a self-sustaining process leading to insoluble proteins that disrupt neuronal function and cause cell death. Neuronal loss, glial proliferation, absence of inflammation and small vacuoles within the neuropil, are common pathological characteristics. Neuroimaging ( figure 3C ): While cerebral CT shows nonspecific generalised cortical and subcortical atrophy in the later phases of disease, 81 MRI is more helpful. Typically, the putamen and caudate head are isointense to cortical grey on T2 and FLAIR. 82 Less frequently, hyperintensity can be detected in the globus pallidus, thalamus, the deep white matter, and the cerebral and cerebellar cortex. Laminar lesions may be observed in the cerebral cortex and cerebellum. Proton density and DWI are more sensitive, especially for cortical lesions. DWI is most sensitive in early stages of CJD and can uncover brain abnormalities before the onset of clinical symptoms, such as myoclonus. 83 One study of MRI in 90 patients demonstrated that the combination of FLAIR and DWI hyperintensities and restricted diffusion could reliably differentiate between CJD and other rapidly progressive dementia with a high sensitivity (94%) and specificity (100%). 84 However, a study of more than 1000 patients with pathologically confirmed CJD found that MRI interpretation had a sensitivity of 46% when obtained at least 6 months after CJD onset, requiring some caution when interpreting MRI. 85 MRI abnormalities may vary with the clinical syndrome and molecular subtypes. In late or terminal stages of CJD prominent generalised cortical and subcortical atrophy is seen. In vCJD symmetrical hyperintensities of the pulvinar thalami (relative to the cortex and especially the anterior part of the putamen) are characteristic and known as the 'putaminal sign'. 86 Descriptions of abnormal MRS, PET and SPECT are limited to single case reports of patients with sporadic CJD and have not been further evaluated.
Patients with cortical plus basal ganglia hyperintensity have shorter interval from symptom onset to akinetic mutism than those with isolated cortical ribbon hyperintensity. 87 Frequent neuroimaging patterns are summarised in table 11.
Toxic encephalopathies
Another important group of acute encephalopathies, the toxic encephalopathies resulting from exogenous substances, may appear with typical or unspecific imaging patterns. Rather typical imaging patterns, as putaminal lesions may be found on MRI in methanol intoxication 88 89 and a diffuse swelling and bipallidal haemorrhages in ethylene glycol poisoning. 90 A comprehensive summary of all toxic encephalopathies is beyond the scope of this review.
SUMMARY
Cerebral imaging constitutes an important component of diagnosis, management and prognosis of acute encephalopathy. Its respective contribution is dominated by rapid exclusion of acute cerebral lesions and further varies greatly depending on the underlying aetiology and the range of possible differential diagnoses. For these disorders, cerebral CT has been well studied, but is largely insensitive, while brain MRI and especially DWI have been widely reported and appear to be the most helpful in the evaluation of acute encephalopathies. MRS may provide supplementary biochemical information and determines spectral changes in the affected brain tissue. PET and SPECT have their Table 11 Neuroimaging patterns in encephalopathy caused by Creutzfeldt-Jakob disease
Imaging Patterns
Creutzfeldt-Jakob disease-related encephalopathy CT Non-specific generalised cortical and subcortical atrophy in the later phases of disease MRI ▸ T2 and FLAIR hyperintensities in the cerebral cortex and lesions in the putamen and caudate head isointense to cortex lesions in the putamen and caudate head isointense to cortical grey ▸ Less frequently, hyperintensity can be detected in the globus pallidus, thalamus, the deep white matter, and the cerebral and cerebellar cortex. Laminar lesions may be observed in the cerebral cortex and cerebellum ▸ DWI is most sensitive in early stages uncovering the altered diffusion in the regions aforementioned ▸ In vCJD symmetrical hyperintensities of the pulvinar thalami (relative to the cortex and especially the anterior part of the putamen) are characteristic and known as the 'pulvinar sign' ▸ Decreased N-acetyl-aspartate and slightly increased levels of myoinositol in the striatum and the insular cortex on MRS SPECT Hypoperfusion in the cerebral cortex PET Hypometabolism in the cerebral cortex and the basal ganglia DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; MRS, MR spectroscopy; PET, positron emission tomography; SPECT, single-photon emission CT; vCJD, variant Creutzfeldt-Jakob disease. Susac's syndrome-related encephalopathy CT Does not reveal any of the specific structural abnormalities, but can demonstrated foci of subtle low attenuation in the corpus callosum MRI ▸ T2 and FLAIR hyperintensities in the corpus callosum, which is always involved ▸ Any part of the corpus callosum can be involved, but predominately the central fibres are showing microinfarcts that are typically small but may sometimes be large ▸ Foci in the corpus callosum may enhance following gadolinium administration and there can be restricted diffusion with corresponding low-signal intensity on the ADC map ▸ Spinal cord involvement is rare but exists ▸ Subsequently, central callosal holes arise
PET
Marked hypometabolism in the frontal, parietal and temporal lobes -an unspecific pattern that can be mistaken as ADEM ADC, apparent diffusion coefficient; ADEM, acute disseminated encephalomyelitis; FLAIR, fluid-attenuated inversion recovery; PET, positron emission tomography.
use in delineating areas of high or low metabolic activity or cerebral blood flow (eg, with LE or vasospasm). However, in most of the compiled types of acute encephalopathy, publications of MRS, PET and SPECT are limited to case reports and small case series only providing anecdotal evidence of their usefulness and sensitivity, not to mention that the observations are often heavily technique dependent. Most consistent and pathognomonic neuroimaging patterns and their prognostic are compiled in tables 1 and 7. To date, the prognostic value of specific imaging patterns has been quantified especially for MRI in patients with HIE, hypoglycaemic encephalopathy and PRES while in other encephalopathies larger studies are needed to provide such critical information. Many of the imaging changes are non-specific, and the clinician must judiciously use cerebral imaging to supplement clinical impressions, relevant blood, urine or antibody tests, EEG and occasionally body PET. Findings can then be used to guide treatment and occasionally point to outcome in these morbid conditions.
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